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Description 
Held off the Invent! n 

The present invention relates to compounded fbrous dope compositions of amine oxide cellulose solutions having 
a uniformly dispersed second fibrous material, methods of producing the compositions, and shaped articles such as 
fibers, paper, films, and food casings produced from the compositions. 

Back ground of the Invention 

Cellulose is a natural polymer that has been used for centuries to make various forms of paper. More recently, it 
has been chemically regenerated to make fibers, transparent paper, cellophane, films, and casings for industrial and 
food related uses. These cellulose-based casings are well known for use in food products, such as sausages. Cellulose 
fibers have also been treated and reformed as webbed paper products where the individual cellulose fibers are physically 
brought together, for example, by needle punching, and form products such as non-woven sheets and towels. 

The regenerated cellulose polymer used for making both casings and films is most commonly produced by the well 
known viscose process. A natural cellulose, such as wood pulp or cotton (inters, is treated with a caustic solution to 
activate the cellulose to permit derivatization and extract certain alkali soluble fractions from the natural cellulose. The 
resulting alkali cellulose is shredded, aged, and treated with carbon disulfide to form cellulose xanthate. a cellulose 
derivative. The cellulose xanthate is then dissolved in a weak caustic solution. The resulting solution, or viscose, is 
ripened, filtered, deaerated and extruded as a film or tube into coagulation and regenerating baths containing salts and 
sulfuric acid. In these acidic baths, the cellulose xanthate, e g., viscose, is decomposed and hydrolyzed back to a pure 
form of cellulose. A drawback of this method is that undesirable side products, including sulfur, carbon disulfide and 

hydrogen sulfide, are produced. . ^ ^ t . 

Although the viscose process is the most commonly used process for the production of cellulose casing for the food 
processing industry, alternate methods have been described, in particular that described in US Patent No. 5,277,857. 
This alternate cellulose production method involves forming a polymeric solution by means of a simple dissolution of 
cellulose, rather than derivatization, to form a soluble substance. The cellulose dissolution process is descrfoed in U.S. 
Patent No 2 179,181. This patent describes the dissolution of natural cellulose by a tertiary amine oxide to produce 
solutions of relatively low solids content, for example, 7 to 10% by weight cellulose dissolved in 93 to 90% by weight of 
the tertiary amine. The cellulose in the resulting solution is nonderivatized prior to dissolution. US 3,447,939 discloses 
use of N-methylmorpholine-N-oxide ("NMMCT) as the amine oxide solvent of choice. 

More recent patents, such as, US 4,145.532 and US 4,426.288. improve upon the teachings of the "939 patent US 
4 1 45,532 discloses a process for making a solution of cellulose in a tertiary amine oxide, such as NMMO. that contains 
35 1 0^35% by weight of cellulose. This higher solids content, achieved in part by including an amount of water (from 1 .4% 
to about 29% by weight) in the tertiary amine oxide solvent, provides a solution adapted for shaping into a cellulosic 
article by extrusion into fbers, films, or casings. In US 4,426,288, the NMMO-ceilulose polymeric solution contains an 
additive that reduces decomposition of the cellulose polymer chain so that molding or spinning substances are obtained 
with only slight discoloration and that will yield molded shapes distinguished by improved strengths upon regeneration 
40 in a nonsolvent such as water. . . „ 

Using NMMO as a solvent for cellulose eliminates the disadvantages attendant to the viscose process including the 
generation of toxic and noxious gases and sulfur compounds. 

Cellulose food casings generally are made in a nonreinforced or a reinforced form. Nonreinforced casing consists 
of a tubular film of regenerated cellulose polymer having a wall thickness ranging from about 0.025 mm to about 0.076 
45 mm and made in diameters of about 14.5 mm to about 203 mm. 

Reinforced casings are commonly called "fibrous- casings to distinguish them from the nonreinforced cellulose 
casings. Here, a lighter viscosity viscose than is used for nonf brous casing is extruded onto a sheet or tube of paper 
prior to entering the coagulation and regenerating baths. The result is that the regenerated cellulose impregnates and 
bonds to the paper substrate. Fibrous casings have a wall thickness in the range of 0.050 mm to 0.102 mm and are 
made in diameters of about 40.6 mm to 1 93 mm or greater. Fibrous casings have a dimensional stability that is greater 
than that found in nonreinforced casing. These casings are known for having enhanced wet strength and resistance to 
puncture and propagation of tears. As fbrous casings are stiffer and are less extensible than nonreinforced casings, 
they assure that once the casing is stuffed with meat each linear inch of casing will contain a specific weight of meat. 
This enables the sausage manufacturer to easily prepackage weights of sausage meat by number of slices instead of 
by weight To the best of applicants knowledge, the method of making casing using the amine oxide solution as described 
in US 5,277,857 has not been extended to making fbrous casings. 

Another type of casing using tilled" systems that are well known in th art are collagen-based casings. Filled systems 
can be described as being composed of a basic material, such as collagen, that has another material added to it that 
never chemically bonds or becomes part of the first basic material. Often this system is used in order to improve the 
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economics of the product by using a cheaper "filler" mat rial with the more expensive basic nvrteriaTThe added material 
^critical amount, may be abletoadd its propertes to those of the basic material. Howler, when too r^ 
added material is present, it interferes with the properties of the basic matenal. 

An exanple of such a system is polyvinylchloride ("PVC") polymer containing an additive to^nder ppe made from 
the PVC roolymer resistant to degradation by sunlight. A small amount of the additive nerther adds nor takes away from 
JeSoTvCp^ 

SeP^Tpeto degrade as the continuity of the polymer is irterrurMed by tr* sheer amoumoi the protective a«^ 
iSeTto implrt certain strength and handling characteristics to collagen casings, other non-cdlagen, m*hn£ 
such as. cellulose.lSds. bases, salts, and rayon fibers have 

US patent 4.378.01 7 describes and teaches a composite materia, of de-rotated chitin and fibrous <*^* 
has excellent mechanical strength and heat-resistance, and which can be used as casing. US 4.061.787 describes a 

^"earlier US patent. US 3.551.535. describes a method for making a homogeneous mixture of collagen reactive 
materials and shrink control agents. Reactive materials are those that show chemical or phyacal acton when brought 
Serlchas, the swelling 9 of collagen when in contact with an ackl. base, or** Shrink co^^,rJude 
cLose fibers, rayon fibers, cotton fibers, alginates and starches. The compounds formed can be used for articles. 

such as, casings, shoes, gloves, medical sutures, and bandages. 

Atmough^e of a filled system can produce a collagen casing having attracts properftes of strength, rt has not 

20 been used with cellulosic casings. . . ^^rtc rrf 

By contrast, composite technology can be used to create composites where success^ incremental 
an added material to aWgh percentage of the overall composite do not cause the degradation of any salient property 
cTt^ cc^Lons. A -conposrte- is termed when a second mater*, « added to a ^^^^^ 
and not anlydoes the added material not disrupt the integrity of the original polymer and the article formed from rt. but 
25 can add its own characteristics to the polymer. u Q <- 
However, up until the present time, the only way to achieve improved propert.es of <™»^*«™"^** 
been by coating or bonding the viscose to a paper web. Although fibrous casing is generally satisfactory fa the cas-ng 
^SeSisadvanWesforboththe 

tte r»ed to maintain a supply of paper web or sheet in addrtion to the viscose used for nonranforced I casmg. supplier 
^. ruml^eTon ie^ating machines, and the need to mate a *^n^w^ 
seamed This seam must be uniform and cannot break apart when the casing is manufactured and stuffedwrth food 
uX WgCeSure. The paper is generally a specialty item, hemp paper, and finable only from a Mdmmta 
of suppliers Differential tensions between the paper and the regenerated cellulose coating can cause tens™ hnes. 
wrinkles, and other discontinuities in the casing. 

Therefore, there isaneed in the art to have a casing with the f^esdff^^Mv^^^d^ 
a paper tube, especially if such casing could be made without any noxious side products, and preferably by use of a 
non-viscose process. 

Summary of the Invention 

tt now has been unexpectedly found that compounded f brous dope compositions comprising a solution of cellulose, 
amine oxide, water, anda second fibrous material partially solubilized in the solution are suitable for ^em™k>ng 
Lped cellulosic articles, such as. fibers, papers, films, and fibrous-like food casings wrth -y™*™"^ "» 
«2ngs and other articles can now be made without the use of a paper web and are a compete ^rather^na 
filled system. When further treated with a crosslink. ng agent films and casings made c^s f brous ^ conrosrtK*. 
have an initial wet modulus or degree of dimensional stability and tensile strength essentially equivalent to traditional 
fibrous casing. If not further crosslinked. thef ilms and casings have adimensional stability similar to nonftorous casings. 

^^e'SSuSfibrous dope corrposrtton is made by mixing together a) a first material known as "dope" which 
is a c^u^roa often a wS p££L* in aqueous amine oxde. preferably NMMO, and b) * ^ 
material. This second fibrous material may or may not be the same material used .n the dope^nd ,s wetted, P^zed. 
and soluble in the amine oxide and water. Adjusting the energy input by limiting the shearand temperatur^u^dto 
corrpletaydspersethesecc^^^ 

intact, as Lfaspartia^ swollen, plasticized and otherwise degraded fibers of the ^^^^^ 
compounded fibrous dope is extruded into a tube or film, for example, and regenerated .nto afmh eda^ these 
parSy solubilized fibers of the second f brous material are visible under a ligM micresctpe. The f .nished artolecan 
then be treated with a crosslinking agent, increasing the dimensional stability of the article to approximately the same 
as. and in many cases greater than, that seen in conv ntional f brous casing. 
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Bv contrast treating a film made from a aqueous amine cellulose dope, without any second fibrous material, with 
A method for producing the compounded fibrous dope composition has been found that cons«tsof separrtely 

of a derivatized cellulose, preferably using the viscose process as described above. 
"Nonsolvenf means a liquid that is not a cellulose solvent 

RriAf Descri ption of the Drawings 

* F^ureiisaohotomi^^ 

tainin^a J£ jSSTrSa. 30 w^nT* based on the tota. cellulose and that has been post^Ked wrth 
so Kymene 450. 

ngfrilp fl Descript ion of the Invention 

Although the discussion of the invention as foltows is generally directed to^^ 

in the art. 
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material tart is uniformly dispersed in the first material. ^ *«, r^rtdds 

The most preferred first material, or dope, is a r^ethylmorpholine ^^^^^^^ 

LId^ to Sy^artial y solubLe and plasticize into the continuous cellulose phase. AHerratrvely^ wood pub 
35 asS^fixousmaterialfor^ 

« ^^NaherrpfbersaretrK^^^ 

size and molecular orientation as compared with that of wood pulp ttoers. 

^l^p^l ^i?n wood pulp that are at an angle with the ce.. a*s. The mo.ecu.ar wights, as reflected ,n th 



5 



EP 0712 889 A2 

cwnparative viscosities of hemp (1294-1781 gm/cm*) and wood pulps (about 700 gnvcmS). are much higher than for 

wood pulps. ^_ . , 

However th invention should not be limited to the use of hemp, as other materials are available. Examples of oth r 
useful fibrous materials include cotton lint rs. nylons, wood pulps with a v ry high molecular weight as for example 
those with a degree of polymerization higher than about 900 units, and regenerated cellulose fbers that have an 
ISc^sTorierStion arXfness. such as. high wet modulus rayons. Other useful regenerated, cellulose fib«* for 
example, are those that are stabilized to swelling by crosslinking with a cellulose crosslinker, such k fwmaWel^de 
brfunctional aldehydes, aldehyde modified resins, carboxylic acids or epoxides, epichlorohydnn or other carbohydrate 

reactive crosslinking agents normally known to those skilled in the art , j ^ ± . . . 

A method for producing the compounded fibrous dope composition has been found that consists of separate* 
warming 1) aqueous amine oxide, preferably NMMO. and 2) the second fbrous material that is wettableand soluble 
with the aqueous amine oxide, and then mixing the two to form a slurry. This warm slurry is then mixed with an amine 
oxide cellulose solution or dope, preferably a NMMO-cellulose dope, until the ftoers of the second fbrous matenal are 
uniformly dispersed throughout the composition. The aqueous amine oxide will crystall E e rapjdly upon even a l shght 
amount of coclng, making it diff icuH to uniformly disperse the second fbrous matenal and therefore * J^uldt* kept at 
a high enough temperature to molten. The mixing may be done in any sort of a mixing bowl or even by coextruding the 
dcoe and the slurry and having the extruder mix the two together. 

Therefore, a fibrous dope is produced having a composition comprising from about 60 to about 85 wejght % arnne 
oxide, from about 5 to about 30 weight % water, from about 1 to about 16 weight % cellutose all based on to total 
weight of the dope, and from about 1 .5 to 1000 weight % of the second fibrous material based on the w*ght of the 
cellulose Preferred amounts of cellulose are from about 5 to about 16 weight %. with the most preferred arnourrt being 
from about 10 to about 16 weight %. The preferred concentration of the second fbrous material is from about 1.5 to 
about 1 00 weight %, with the most preferred being from about 25 to about 1 00 weight %• However the higher o>ncen- 
tration second fbrous material, up to about 1000 weight % based on the weight of the cellulose, allows the product™ 
ol extruded paper sheets, such as electrical papers, battery separators, pattern papers^ Wirt ^ate^ 

Another method of preparing the compounded fibrous dope comprises mcong together fromabo^ 60 to about 85 
weight%amine oxide, from about 5 to about 30 wekht% water, from about 1 to about 16 weight*, cellutose. all based 
on the total weight of the dope, and about 1.5 to about 1000 weight % of a second fiorous material w^e*n*>the 
aqueous amine oxide, based on the weight of the cellulose, thereby forming the corrpounded fibrous ^conto.n.ng 
uniformly dispersed fibers of the second fibrous material. The preferred and most preferred ranges of cellulose and 
second fbrous material are the same as stated above. 

The compounded fibrous dope composition can then be cooled and sohcMied. and made .nto a size that is useM 
in an extruder. The dope composition is introduced into a heated extruder and extruded into a film or tube and passed 
into at least one nonsolvent bath, such as water, alcohol, or aqueous NMMO. to remove the a [™^^J^ ar ^!° ^^^"^^ 
the cellulose. Contacting the shaped article with a crosslinking agent win improve the tensile strength and dimensranal 
stability characteristics of the article. „^«Jirdrinn 
The fbers of the second fibrous material can be seen under a light microscope, both before and after wossl.nkmg, 
primarily as partially swollen, plasticized and otherwise degraded fibers, with some intact fibers present In contrast 
articles madras above, but with no second fbers added, have only fully dissolved cellulose fbers and under a light 

microscope, the article appears as a uniform sheet. aratortno ~- 

A shaped cellulosicarticle is therefore made comprising a continuous phase of nondenvatized r «0enei^ceHutose 
and uniformly dispersed partially solubilized fbers of a second fbrous material bound to or compoated wth the contin- 
uous phase, in this article, the partially solubilized fbers are a mixture of fibers including fibers 
to the continuous phase, fibers that are partially swollen, plasticized. solubilized, and composited with the continuous 
phase and fbers that are indistinct and fully integrated into the continuous phase. 

When seen under a light microscope, as shown in Figure 2. the second fibrous material is visible in the > «m as 
individual fbers in various stages of solubilization and plasScization. Some of thefbers are partially solubitaed (10)mto 
the continuous phase of the film (12) or casing. Other of these fibers (14) are fully intact, nonsolubiteed ftoers. In com- 
parison, as seen in Figure 1, no intact or partially dissolved fbers are seen under a light irtooscope in casing or Mm 
made without the second fbrous material, whether or not the final article has been contacted wrth crosslinking agents. 
Only the continuous phase (12) of the film is seen. 

A partially solubilized fibrous material can be described as a material containing fibers, some of which have at least 
two parte one part that is bound to or competed wrth and indistinguishable from the articles continuous phase or matnx 
(12) and a second part that is visible as an intact structure resembling a fiber under a microscope (10). There are also 
a number of fibers that are not solubilized. but remain intact (14). while other individual ftoers are seen asdamaged and 
swollen and therefore in the beginning stages of dissolution. Finally, there are fibers that have been totally dissolved or 
solubilized and are indistinguishable from the continuous phase. ..__.= 

A plasticized. swollen or partially solubilized fiber results from the action of the amine oxide solvent in interrupting 
and reducing the crystallinity or the molecular orientation of the cellulose chains. As the amine oxide interposes itself 
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between the cellulose molecular chains, it continues to interrupt the structure, the fiber loses its integrity and becomes 
swollen and weakened. The plasticization, swelling, and weakening of the fibers is increased dramatically by increasing 
shear and heat as well as other kinds of work. The end result of this process is the total dissolution of the f ber in th 
amine oxide solvent. But by minimizing the added shear and heat, as for example, by the practice of this invention, the 
s fibers can be worked just enough to disperse them in the dope and have them remain relatively whole and minimally 
damaged. 

As the second fibrous material becomes at least partially solubilized, it becomes an integral part of the continuous 
cellulose phase and a composite system results. In a composite system the added material interacts molecularly with 
either an individual component or the whole system. This means that there is an interaction between the electrons or 
10 nucleus of one molecule and those of the other molecules and that this interaction is strong enough to change the 
physical or chemical behavior of the system. These interactions can take the form of, but not be limited to, hydrogen 
bonding, van der Waals forces, or ionic-ionic interactions. 

A characteristic of an article formed from the compounded fibrous dope composition of the present invention, such 
as the paper, films, and tubes produced in an embodiment of this invention, is that tensile properties do not degrade as 
is further incremental amounts of the second f forous material are added to the dope. Instead of interrupting the continuous 
phase of the article made or formed on regeneration and thus reducing tensile properties of the article, the continuous 
phase is reinforced by the added material, as in a true composite. 

Generally, the roles of the matrix or continuous phase and the reinforcement in this case provided by the second 
fibrous material, fall into three categories: 

20 

1) the reinforcement has high strength and stiffness and the matrix serves to transfer stress from one f ber to the 
next and to produce a fully dense structure; 

2) the matrix has many desirable, intrinsic physical, chemical, or engineering characteristics, and the reinforcement 
serves to improve certain other important engineering properties, such as, tensile strength, creep resistance, or 

25 tear resistance; and 

3) the emphasis is on the economics of the process and the reinforcement in some way enhances the economic 
attractiveness of the matrix 

In the present invention, the reinforcement or second fibrous materials impart their own characteristic of tensile 
30 strength while adding to the dmensional stability of the film or casing. The economics are made attractive by not needing 
to use expensive specialty hemp paper, as does the traditional f forous casing manufacturer. 

For example, more specifically, the compounded f forous dope composition can be made as follows. Although certain 
reagents and their volumes are specified below, the reagents themselves and the amounts used can be changed by 
those skilled in cellulose and organic chemistry, in response to needs based on the exact volumes of composite to be 
35 produced and the exact materials used, particularly as taught by the present cfisdosure. This example is for a composite 
made with dope produced from wood pulp and aqueous NMMO and a second f forous material of hemp paper. Other 
reagents will of course necessitate changes in this procedure that are fully within the skill of those practicing in this art 
area. 

In order to make an article with a uniform dispersion of a partially solubilized second fibrous material, the mechanical 
40 and thermal work done during the dispersion of the second fibrous material into the amine oxide cellulose dope must 
be minimized in order to maintain the integrity of the fibers. This minimization must be done in particular when wood 
pulp is used as the second f brous material. It also applies to some nylons that are soluble in the cellulose solvent and 
all cellulosic fibers that are similar to pure wood cellulose and therefore ultimately fully soluble in the cellulose solvent. 
Hemp has a higher average f ber length, molecular weight and different crystalline orientation than wood pulp fibers, but 
45 it is nevertheless soluble in the NMMO solvent It must be kept in mind that the final product must have discreet f foers 
present in the cellulosic film. 

One way of producing the compounded fibrous dope composition and the article derived from it is as follows. Approx- 
imately 200 grams of a wetting solution containing 78 weight % of NMMO and 22 weight % of water are preheated in 
an about 54°C oven for about 20 minutes as are approximately 25 grams of 0.25 inch square pieces of hemp paper. 
so The length of time and temperature used is based on what is needed to melt the wetting solution and can be determined 
on a case by case basis. Generally, it has been found that the above conditions are sufficient when the amine oxide 
dope is made from NMMO. 

The wetting solution can contain from about 60 to about 95 weight % of amine oxide, or in particular. NMMO, the 
remainder being water. 

55 The hemp is pressed into the wetting solution for approximately 1 minute to assure intimate contact and complete 
wetting of the hemp to insur that the solvent is able to penetrate the hemps individual fibers. Then, the preheated 
wetting solution and the preheated hemp paper ar mixed in a similarly preheated beaker. The preheating is necessary 
to melt the amine oxide in the wetting solution and the temperature must be maintained while mixing so that the amine 
oxide does not begin to recrystallize. 
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All of the slurry from above is mixed with 400 grams of a melted dope containing 1 5 weight % wood pulp, 78 weight 
% NMMO and 7 weight % water in a Brabender Prep-Center (C. W. Brabender Instruments, Inc., S. Hackensack, N.J., 
USA) for 6 minutes at 87°C. At this temp rature, the composite of the dope and the second fibrous material is a f lowable 
viscous liquid. The hemp fibers ar now evenly dispersed through the composite and prior to complet cooling, the 

5 composite is a fibrous paste with a hemp content of about 30 weight % based on the weight of the wood pulp. It becomes 
a solid at room temperatur . Th composite is then recovered, cooled, for example for 24 hours at 9°C. and chipped for 
easy feeding into the extruder. 

At this point, the compounded fibrous dope composition, or "composite dope", is available for use to make articles 
such as extruded papers, films, and casings. In order to do this, the chipped, cellular polymer composite is fed to a 10/1 , 

io 10", straight, single screw extruder and extruded at 125°C through a 4" ribbon die using a slit width of 0.028". This is 
but one example of an extruder that can be used with the polymer composition. Other extruders well known in the art 
that can produce ribbons, fims and tubes, are also useable with this invention. Film samples derived from this extruder 
are then put onto 10" x 3" tension hoops immediately after extrusion. The hoops containing the film samples are placed 
first into a 1 :1 NMMOrwater bath at 28°C for 30 minutes to regenerate the cellulose and to remove the NMMO, second 

75 into a water bath at 45°C, and finally into a water bath at 60°C. The water (or nonsdvent) baths help to set the film and 
t remove NMMO from the film, leaving a cellulose film free of residual NMMO. Rim ortubing run in commercial quantities 
would be handled as conventional film or tubing is handled, which would be to have the formed film or tubing run directly 
through the various baths. 

The films now composed solely of cellulose are placed into a solution of a crosslinking reagent, such as, Kymene- 
20 557H or Kymene 450, products sold by Hercules Incorporated of Wilmington, Delaware, USA, which are water soluble 
thermosetting cationic epichlorohydrin-polyamide resins. Other crosslinking resins, such as. polyalkylenepolyamine- 
eptchlorohydrin resins and amine polymer-epichlorohydrin resins, polyaminoamide-based epoxy curing agents, and 
polyfunctional aziridines are examples of chemicals that are useful for this step of the process. Other crosslinking com- 
pounds, such as formaldehyde urea and derivatized formaldehyde urea are also useful. For example, the film can be 
25 placed into a solution of 3.5 parts of Kymene 557H or Kymene 450 per 1000 parts water for about 30 minutes at room 
temperature, recovered, wiped to remove the excess crosslinking solution, and cured at approximately 1 10°C for 45 
minutes. 

It is at this point, after contacting and curing the formed film or casing with a crosslinking agent, that the separate 
fiber strands are most visible. Crosslinking of the fibers and a resulting increase in tensile or stiffness properties appears 

30 to happen only after the film or casing is formed. In contrast, if a film is made solely from the dope and without the added 
second fibrous material, there is no change in tensile or stiffness properties regardless of whether or not the film is 
exposed to crosslinking agents. It is believed that this occurs because the crosslinking agent accumulates around and 
primarily coats the fibers of the partially solubilized second fforous materials, which may explain the improvement in 
stiffness properties and initial modulus. 

35 In the practice of the present invention, articles result in which the fibers of the second fibrous material are not 
discrete but, due to their plasticizability and solubility in the aqueous amine oxide, have become molecularly interbonded 
with the cellulose molecules of the continuous phase of the articles formed from the compounded fibrous dope compo- 
sition. The evidence for this as shown in the Experiments that follow, and in the fact that on addition of successive 
amounts of higher orientation and molecular weight second fibrous material, tensile strengths of resultant hand cast 

40 films do not decrease as would be the case if these fibers were behaving as additives. Also, if the compounded fibrous 
dope composition was an additive system, the second f brous material fibers would remain whole and nonsolubilized 
by the amine oxide of the dope, so that upon regeneration the resultant article would have only discrete, whole or 
unchanged f toers therein. Thus, the material behavior of the compositions made as part of practicing this invention most 
closely approaches that expected from composites rather than additives. 

45 A variation of the above composition is a similar composition, but one containing as the second fibrous material only 
materials that are insoluble in the aqueous NMMO or amine oxide solution, and which may be use to produce a filled 
system article. Examples of such materials are ceramic f bers, glass fibers, certain nylons, and polyolef ins. The amine 
oxide is selected from the group as discussed above, with NMMO being the preferred amine oxide. 

As described above, a method of preparing a compounded fforous dope composition that will be used to produce 

so a f Bled system article is the same as the methods described earlier, except that the second f brous material is insoluble 
in both the aqueous amine oxide used in the wetting solution or in the amine oxide cellulose dope. 

Once the dope composition is made, it can be used to produce shaped articles in the same way as described above. 
A shaped cellulosic article can be made of this compounded f brous dope composition comprising a continuous phase 
of nonderivatized regenerated cellulose and uniformly dispersed insoluble fibers of a second f brous material bound to, 

55 but not composited with, the continuous phase. 

A cellulos articl reg nerated from this material will not possess dimensional stability similar to or greater than that 
seen with f brous casing. The shaped article may be further contacted with a crosslinking agent as previously described. 
Even exposing this article to a crosslinking agent will not necessarily improve the useful modulus properties of the article. 
Typical articles can be fibers, papers, films, tubes, and sausage casings. 
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Fibrous and nonreinforced food casings made of derivatized cellulose typically contain additives or coatings to 
enhance food processing and food characteristics. For example, colorants ar incorporated in or on the casing to make 
self-coloring casings, which transfer the color during processing of the food product from the casing to the food product. 
Liquid smokes, which impart a smoky flavor and a reddish color to the food product, ar also incorporated in or coated 
5 on the casing. Peeling aids that allow the casing to be completely stripped off th cooked meat product without causing 
any of th meat product to be damaged, are also added to the casings. 

Casings are made in a variety of colors. Dye pigments can be incorporated into the compounded fibrous dope 
composition prior to extrusion to produce these colored casings. At times, printing is needed on the outside of the casing. 
Certain dyes and pigments can be used to print whatever is needed on the casing. 
10 As casings made from derivatized and nonderivatized cellulose are both primarily wood pulp products, and as both 
share similar characteristics, the nonderivatized fibrous casing as described above is believed to accept dyes, peeling 
agents, flavoring agents, and other agents used on sausage casings. 

A series of experiments were performed to exemplify the present invention. These experiments are not designed 
to limit the invention, but rather to further descrtoe it 

15 

Ex periment 1. Standard Casino Controls. 

The wet 5% secant modulus test and the tensile strength test were performed on standard commercial casings. 
The test samples were nonf ibrous cellulose food casings sold under the mark Nojax®, which is a trademark of Viskase 

20 Corporation, Chicago, Illinois, USA, made of derivatized cellulose by the standard viscose method; standard fbrous 
casing, 14 gram fbrous casing, and 23 gram fibrous casing, all made of derivatized cellulose by the standard viscose 
method and coated onto various weights of hemp paper; and inedible collage casing. The results are shewn in the Tables 
below for comparison purposes. 

Tensile strength can be described as the breaking or burst strength per unit area of a material subjected to a specif ied 

25 dynamic load, and defined in units of pounds per inch width per mil thickness of a sample material (N. Irving Sax and 
R. J. Lewis, Sr, eds., Hawley's Condensed Chemical Dictionary, Eleventh Edition, 1987). The stiffness, or dimensional 
stability, of a film is measured by the 5% wet secant modulus test, with results reported as units of pounds per inch width 
per mil thickness. Tensile strength tests were performed on the Instron U4301 Universal Tester, Model Number 4301 
(Instron Corporation, Canton, Massachusetts, USA 02021). A modification of ASTM D-882 was used, where a1"X2" 

30 sample was used with crosshead speeds of 207rnin., full scale load of 25 pounds The breaking tensiles were calculated 
as pounds per 1 " width per 1 mil. thickness and are presented in the Tables as PIM. 

The wet 5% secant modulus test was performed by the test method of ASTM D-882, modified to be read at 5% 
elongation instead of 1%. 

35 Experiment 2. Direct Addition of Hemp Paper to Dooe 

The purpose of this experiment was to determine if hemp in the form of small squares added to aqueous NMMO 
cellulose dope would provide a film with uniformly dispersed hemp fibers. 

400 parts of a solid dope having 15 parts of wood pulp, 78 parts of NMMO and 7 parts of water per 100 parts of 
40 dope were melted in a Brabender Prep-Center Mixer at 102°C and mixed for 30 minutes until uniform. Four parts of 
hemp paper cut into Vi" squares were added. The mixture was blended at the same temperature for 0.5 hours after 
which the mass was recovered, cooled for 24 hours at 9°C and chipped. The chips were fed to a 10" 10/1 straight, single 
screw extruder and then through a 2" vertical ribbon die. The resultantf ilm was hardened and the NMMO solvent removed 
from the film in a water bath. 
45 Tensile strengths were measured as in Ex 1 . 

The film had many almost completely dissolved, highly swollen fiber bundles, many patches of undispersed hemp 
and had no useful tensile properties. 

Experiment 3. Use of Cotton Linters 

50 

The method of Experiment 2 was followed except that 4 parts by weight of shredded cotton linters were substituted 
for the hemp paper. As above, no useful tensile properties were obtained for the resultant f Dm. 

Experiment 4. Presoakino of the Hemp. 

55 

This experiment was performed to determine the effects of presoakirtg the hemp squares with the solvent, aqueous 
NMMO, prior to adding them to the dope. 

200 parts of a solution of 78 parts NMMO and 22 parts of water per 100 parts of solution, held at 102°C in the 
Brabender mixing bowl, was mixed with 25 parts of hemp paper cut into V4" squares for 3 hours, resulting in a uniform 
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slurry. To this was added 400 parts of the dope described in Experiment 2, but in the form of small chips. Mixing continued 
at the same temperature for 1 hour. The ribbon film was extruded, and upon removal of the NMMO solvent and hardening, 
examined under a light microscope. The resultant f ims did not contain visibl clumps of bundles but rather the fibers 
were uniformly distributed, and the fibers present were highly swollen, broken or otherwise severely damaged. The tarn 
5 did not show any useful tensile properties. 

Experiment 5. Preheatingfeoaking the Hemp. 

This experiment was performed to determine the effects of presoaking and preheating the hemp squares with the 
w solvent aqueous NMMO, pr\o( to adding them to the dope. 

To 200 parts of a solution of 78 parts NMMO and 22 parts of water per 1 00 parts of solution was added 20 parts of 
V4" squares of hemp paper, and was placed into a 54 °C oven for 4 hours with intermittent hand stirring to disperse the 
hemp fibers. After this time, the uniform hemp/aqueous NMMO slurry was added to 400 parts of the dope described in 
Experiment 2, which had been melted at 102° C in the Brabender mixer for 0.5 hours. Mixing continued at the same 
is temperature for 0.33 hour. The mass was recovered, cooled and solidified, chipped and extruded as in Experiment 2, 
except that a vertical 4" rtobon die set at 0.028" slit width was used. 

The ribbon film was extruded, and upon hardening and removal of the NMMO solvent, was examined under a light 
microscope. The dried films contained many swollen, damaged fbers, but some large and intact fibers were observed 
under the light microscope. 

20 

Experiment 6. Shortened Heating Time. 

This experiment was done to determine if the length of time for heating the hemp solvent mixture affected the final 
film. The inventive compounded fibrous dope composition was made, as was a sample of noncrosslinked film of the 
25 present invention. 

The method of Experiment 5 was followed except that the hemp/NMMO mixture was kept at 54°C for only 2-3 
minutes, during which time the hemp was pressed into the aqueous NMMO. 

The inventive f brous dope composition was made by dispersing these contents with 400 parts of the dope described 
in Experiment 2 above by mixing in the Brabender mixer for 5 minutes at 90° C. The result was a total hemp to cellulose 
30 content of 25%. The extruded film samples were put onto 10" x 3" tension hoops immediately after extrusion, and into 
a water bath to set the film and remove the NMMO. The samples were dried at 1 25° C for 30 minutes. 

The composite films contained many whole ffcers, observable under the light microscope, and to the naked eye 
resembled both commercial fibrous and inedible collagen casing. 

They were then soaked in 30% glycerintoater prior to tensile testing. The tensile results given in Table 1 show that 
35 the f Dm has about 70% of the wet machine cfirection (MD) tensile strength and about half of the wet transverse direction 
(TD) tensile strength of commercial fibrous casing. 

Experiment 7. Higher Concentration of Hemp. 

40 The method of Experiment 6 was performed except that 25 parts of hemp paper were used to produce a total hemp 
to cellulose content of 30%. Tensile strengths given in Table 1 show a slight improvement in tensile strengths over the 
film of Ex. 5, but still below those of Ex. 14 Fibrous samples. 

Experiment 8. Nonderivatized Control 

45 

A film was made from the dope as described in Experiment 2. No second fibrous material was added. Extruded f 3m 
samples were put onto 10" x 3" tension hoops immecfiately after extrusion, and into a water bath to set the film and 
remove the NMMO. The films were soaked in a 3% aqueous glycerin solution for 0.5 hours at room temperature prior 
to drying. Tensile strengths given in Table 1 show lower strengths than seen in commercial nonfibrous casing, the Exper- 
50 iment 1 Ncjax samples. 

Experim ent 9 - Ch a nged H ea ting Conditions. 

This experiment was performed to test a different heating regimen in the preparation of the inventive compounded 
55 fibrous dope composition and a noncrosslinked film from the composition. 

The method of Exp. 7 was used, except that both the hemp paper and the 78% aqueous NMMO were separately 
preheated in a 54° C oven for 20 minutes and then mixed in a similarly heated beaker. Th hemp was pressed into the 
aqueous NMMO for about 2 minutes prior to mixing with the dope at 87° C for 6 minutes. The composited dope was 
cooled at 9° C for 24 hours and chipped. 
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The chipped composit dope was fed to the 10/1, 1 0", straight single screw extruder and extruded at 125° C through 
a 4" ribbon die using a slit width of 0.028 \ After placing on the tension hoops, the samples were immediately placed 
into a 1:1 NMMO.-water bath at 28° C for 30 minutes, then into a water bath at 45° C, and finally into a second water 
bath at 60° C, prior to drying at 105-1 10° C. for 15-30 minutes. 
5 Th wet 5% secant modulus test was performed by the test method of ASTM D-882, modified to be read at 5% 
elongation instead of 1%. The results given in Table 2 show that this sample has a 5% secant modulus of about one- 
quarter of the commercial fibrous casing. 

Experiment 9A. Higher Hemp Concentration 

w 

The method of Experiment 9 was used except that 50 parts of hemp, 260 parts of the 78% aqueous NMMO and 
340 parts of the dope were used, giving a fibrous dope composition having about 50 weight % of hemp based on total 
cellulose. 

The composition formed was recovered and cooled at 9°C. The solid mass was chipped and extruded as in Exper- 
ts iment 5, and a film produced. It is believed that the film has uniformly dispersed partially dissolved hemp fbers and is 
an acceptable candidate for further crosslinking studies. 

Experiment 9B. Higher Hemp Concentration. 

20 The method of Experiment 9 is followed except that the amount of hemp in the premix slurry is 80 grams and the 
amount of aqueous NMMO is 400 grams. This is mixed and added to 200 grams of a melted aqueous NMMO cellulose 
dope that contains 5% wood pulp, 85% NMMO, and 10% water. After mixing, a compounded fibrous dope composite 
having about 800 weight % hemp based on the weight of the wood pulp is made. After recovering the composition, 
cooling, chipping, extruding, and regenerating it, a bonded hemp paper is produced that is suitable for use, for example, 

25 as tea bag paper, filter media, electrical papers, medical and sanitary uses, pattern paper for the clothing industry, and 
coating for food packaging. 

Experiment 10. Control Test. 

30 The method according to Experiment 9 was performed without the addition of hemp paper. Wet 5% secant modulus 
test results are given in Table 2, showing a stronger material than that seen in Ex. 8, but not as strong as commercial 
fibrous casing. 

Experiment 11. Addition of Crosslinking Agent. 

35 

This experiment was performed to test the effect of a crosslinking agent on the composite f im of the present inven- 
tion, and thereby producing the inventive article. 

The method of Experiment 9 was used, with the addition of placing the film while still on the hoops, but after all 
baths and drying, into a solution of 3.5 parts of Kymene 557H per 1000 parts water for 30 minutes at room temperature, 
40 and then into an oven at 110° C for 45 minutes. 

Wet 5% secant modulus test results are given in Table 2 and shew a modulus more than 2 times higher than that 
seen in Ex. 9, and into the commercial fibrous casing range. 

Experiment 12. Addition of Crosslinking Agent. 

45 

This was performed as Experiment 1 1 , but the crosslinking agent was Kymene 450, thereby also producing a film 
of the present invention. The results are similar to those seen in Ex. 1 1 . 

Experiment 13. Non-hemp Containing CpntrQl Crpsslinked. 

50 

This was performed as was Experiment 1 0, but the films were finally placed into a 0.35% solution of Kymene 557H 
for 30 minutes and into an oven at 1 1 0° C for 45 minutes. Wet 5% secant modulus test results given in Table 2 show no 
improvement over the nontreated control film of Ex. 10. 

ss Experiment 14. Non-hemp Containing Control Crosslinked. 

The method of Experiment 13 was followed except that Kymene 450 was used. The test results are shown on Table 
2 and substantially duplicate thos of Ex. 1 3. 



11 



EP0712889A2 



Experiment 15. Pre-crosslinkina. 

Th experiment was run to test if exposing the hemp f foers to a crosslinking agent prior to mixing with th dope 
would affect the final film. 

Th method of Example 9 was followed, except that the hemp ftoers were soaked in a Kymene 450 solution prior 
to mixing with the aqueous NMMO solution. 

The results are given in the Tables below showing that the modulus increased only slightly over noncrosslinked 
fibrous film of the present invention and the tensile strength was not even as good as that of noncrosslinked f brous film 
of the present invention. 



TABLE 1 



Tensile Strengths* of Various Hemp Composite Rims 


Ex.#/% hemp to total cellulose 


Wet MD* Tensile Strength/% Elong.* 


Wet TD* Tensile Strength/% Elong. 


Ex. 1 NojaxA) 


3.9/50 


3.0/110 


Ex. 1 Fibrous/0 


3.3/30 


3.0/40 


Ex. 1 14gm/0 


3.6/20 


1.4/50 


Ex. 1 23 gm/0 


2.3/20 


2.0/40 


Ex. 1 Collagen/0 


1.2/50 


1.2/41 


Ex. 6/25 


2.36/22 


1.54/50 


Ex. 7/30 


2.70/20 


2.12/90 


Ex. 8/0 


3.04/24 


1.85/25 


Ex. 15/30 


2.2/47 


1.4/- 



Tensile Strengths* are in units of pounds per inch width per mil thickness. 
30 MD* means Machine Direction of the fflm. 

Elong* means the elongation, or % stretch, of the film. 
TD* means the transverse direction of the film. 
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TABLE 2 



Wet 5% Secant Moduli* of Hemp Composited Films 


Ex. #/% hemp to total cellulose 


Wet 5% Modulus, MD* 


Wet 5% Modulus, TD* 


Ex. 1 Fibrous/0 


14.0 


3.7 


Ex. 1 14 gnVD 


14.1 


1.9 


Ex 1 23 gm/0 


11.6 


4.2 


Ex. 1 Collagen/0 


1.2 


0.8 


Ex 9/30 


4.7 


2.6 


Ex 10A) 


8.6 


3.6 


Ex 11/30 


11.8 


5.5 


Ex 12/30 


11.9 


3.5 


Ex 13/0 


7.5 


3.3 


Ex 14/0 


5.8 


3.3 


Ex 15/30 


5.0 


2.0 



Moduli* means that wet 5% secant moduli are in units of pounds per inch width per mil 
thickness. 

MD* is machine direction of the film. 
TD* is transverse direction of the film. 



30 The Experiments show that acceptable films made of the inventive compounded f forous dope composition containing 
from 25 to 50 weight % of second fibrous material can be made. The results seen in Tables 1 and 2 show that the 
inventive noncrosslinked films containing a second fibrous material, Ex. 6-10, have about two-thirds of the tensile 
strengths of commercial fibrous casing. Ex 1 Fibrous, and about only one-quarter of its modulus. When the hemp fibers 
were crosslinked with Kymene 450 prior to adding to the dope, Ex. 15, the resultant modulus increased only slightly. 

35 However, when the hemp containing films were crosslinked after extrusion. Ex. 1 1 and 12, the increases in moduli were 
dramatic, 2-4 times higher, bringing these samples into the commercial f brous range. Additionally, these post-crosslinked 
fibrous samples had wet moduli and tensile strengths equal to or better than the collagen samples, Ex. 1- Collagen, or 
the light f brous samples, Ex. 1-14 gm and Ex. 1-23 gram. Post-crosslinked control films without hemp, Ex. 13 and 14, 
did not improve in modulus as a result of treatment with Kymene. 

40 

Claims 

1 . A compounded f brous dope composition comprising a solution of 5 to 30 wt.% water, 60 to 85 wt% amine oxide 
cellulose solvent and 1 to 16 wt% cellulose, all based on the total weight of the composition, and said solution 

45 containing a uniform dispersion of 1 .5 to 1 000 wt.% of a second f brous material based on the weight of the cellulose. 

2. A composition according to claim 1 , wherein the second f brous material is partially sdubilized in the solution. 

3. A composition according to claim 1 , wherein the second f brous material is insoluble in the solution. 

so 

4. A composition according to claim 2, wherein the second fibrous material is selected from the group consisting of 
rayon, nylon, hemp, cotton linters, bagasse, sugar cane stalks, jute, ramie, sisal, wood pulp and phormium. 

5. A composition according to claim 2, wherein the cellulose is wood pulp and the amine oxide is N-methylmorpholine 
55 N-oxide. 

6. A composition according to claim 2, wherein the second f brous material is hemp and the amine oxide is N-methyl- 
morpholine N-axide. 
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7. A composition according to daim 3, wherein the second fforous material is selected from the group consisting of 
ceramic fibers, glass fibers, and polyolefins. 

8. A composition according to any ne of claims 1 -7 f wherein th amine oxide is selected from the group comprising 
N-methylmorpholine-N-oxide, N-methylpiperidine-N-oxide, N-methy!homopiperkjine-NK)xide, N-methylpyrrolidine- 
N-oxide, di-N-methylcydohexylarnine-N-oxide, and dimethyfoenzylamine-N-oxide. 

9. A composition according to claim 8, wherein the amine oxide is N-methyimorphdine N-oxide. 

10. A method of preparing a compounded fibrous dope composition comprising mixing together from 60 to about 85 
wt.% amine oxide, from 5 to 30 wt.% water, from 1 to 1 6 wt% cellulose, all based on the total weight of the compo- 
sition, and 1 .5 to 1000 wt.% of a second fbrous material, based on the weight of the cellulose, thereby forming a 
compounded fbrous dope composition comprising an aqueous amine oxide cellulose solution containing uniformly 
dispersed fibers of the second fibrous material. 

1 1 . A method as in claim 10, wherein the second fibrous material is at least partly soluble in aqueous amine oxide and 
including the steps of : 

(a) separately warming aqueous amine oxide for melting and warming the second fbrous material; 

(b) mixing the melted second fibrous material with the warmed aqueous amine oxide to form a slurry; and then 

(c) mixing the slurry with a molten amine oxide cellulose solution composition comprising 60 to 85 wt.% amine 
oxide, 5 to 30 wt% water, and 1 to 16 wL% cellulose, all based on the total weight of the composition. 

1 2. A method according to claim 1 1 wherein the second fbrous material is selected from the group consisting of rayon, 
nylon, hemp, cotton lirtters. bagasse, sugar cane stalks, jute, ramie, sisal, wood pulp and phormium. 

13. A method according to claim 10, 1 1 or 12, wherein the second fbrous material is hemp and the amine oxide is N- 
methylmorpholine-N-oxide. 

14. A method of preparing a compounded fbrous dope according to claim 10, wherein the second fibrous material is 
insoluble in aqueous amine oxide and is selected from the group consisting of ceramic ffoers, glass fbers and 
polyolefins. 

1 5. A method according to claim 1 0, 1 1 , 12, 13 or 1 4, wherein the cellulose is wood pulp or cotton linters and the amine 
oxide is N-methylmorpholine-N-oxide. 

16. A method of forming a composited fibrous cellulosic article comprising the steps of: 

(a) introducing the compounded fibrous dope composition of daim 2 into a heated extruder; 

(b) extruding the dope composition through a die in the extruder; and 

(c) washing the formed article with a nonsolvent liquid to remove the amine oxide and to regenerate the cellulose, 
thereby producing a composited shaped fbrous cellulosic article. 

1 7. A method of forming a filled system shaped cellulosic article comprising the steps of: 

(a) introducing the compounded fbrous dope composition according to claim 3 into a heated extruder; 

(b) extruding the dope composition through a die in the extruder; and 

(c) washing the formed article with a nonsolvent liquid to remove the amine oxide and regenerate the cellulose; 
thereby producing a filled system shaped cellulosic article. 

18. A method according to claim 16 or 17, additionally contacting the shaped article with a crosslinking agent. 

19. a shaped fibrous cellulosic article comprising a continuous phase of nonderivatized regenerated cellulose and uni- 
formly dispersed partially sdubilized fibers of a second fbrous material bound to or composited with the continuous 
phase, said partially solubilized fbers comprise a mixture of fbers including fibers that are intact and bound to the 
continuous phase, fibers that are partially swollen and plastictzed and composited with the continuous phase, and 
fbers that are indistinct and fully integrated into the continuous phase wh n viewed under a light microscope. 
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20. A shaped cellulosic article comprising a continuous phase of nonderivatized regenerated cellulose and uniformly 
dispersed insoluble fibers of a second fibrous material bound to th continuous phase. 
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